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2344606 

WELLBORE CASING 
Cross Reference To Belated Applications 

This application claims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,283, attorney docket number 25791.3, 
fDed on 12/7/1998, the disclosure of which is incorpo r a t ed herein by reference. 
Bac kg r oun d of the Invention 
This invention relates generally to wellbore casings, and in particular to 
weHbore casings that are formed using expandable fa^Wi g 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The bcnehcto is drilled in interv^ 
which is to be installed in a lo wer borehole interval is lowered through^ 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than th*» «win g nfty^ppgr 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. .Cement annuli are provided between the outer 
surfeces of the casingB and the borehole wall to seal the casmgs from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part erf the wellbore. Such a large borehole 
diameter involves increased costs doe to heavy casii^ handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttingB drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that indodes installing a tubular 



in the borehole, injecting fluidk material into the borehole, and radially expanding 
the Ktipt in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tubular lmer and a maiuirel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. Ahardenable fhiidic sealing material is injected into 
an nnnnlflr region between the tubular liner and the new section of the borehole. 
The flr»^i^ ny region between the tubular hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular hner below the 
mandreL A nan hardenable fhiidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already exi sti ng 
sealed. The tubular is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular hner. The r emainin g portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to imflthfr aspect of the present invention, an apparatus for 
py p^ n ding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the noandreL The dra 

to the tubular lmer and mdudes The first, second and third 

fluid passages are operabiy coupled. 

According to another aspect of the present invention, an apparatus for 
gy piinHing a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage , a second fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member mfi deludes n third fluid passage. The 
tubular member is coupled to the mandrel end includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that inchidespos^ 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressure 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the minuter member, and one or more pressure relief passages 
at an end portion of the flnmiifrr member. 

According to another aspect of the present invention, a weUbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weDbore casing is provided tlmt^ 

annular body of cured fhiidir waling material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel The annular body of a 

25 cured fluidic sealing material is coupled to th#> t»hnl flr Hn^ 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel i« d»ni«KU 
The tabular member is coupled totte The shoe is coupled to the tubular 



-3- 



member. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theshoeisdrillable. 
Brief Description of the Drawings 
5 FIG. lisafrau*inentaiyCT08s-sect^ 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hff ~Wf w » fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is mothfT frf»g™**itnTy rrnnn-BecAional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing infixing a drillable mandrel and shoe. 
30 FIG. 9a is n ^nthgr cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG* 10a is a crao-sectional illustration of a weUbore inrimtiT^ a D f 
actjaoent overlapping casings. 

FIG. 10b is a cross-sectional fltustration of an apparatus and method for 
creating a tie-back Inter using an ggpmrifyi^ tnhnlpr member. 
5 FIG. 10c is a cross-flec tion al il lu stration of the pomping of a fhndic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
member off of the mandrel. 

HG. lOf isacross-sectionalfl^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expansible tubular member. 
FIG. llaigaftagmentaiycroas-e^ 
new section of a well borehole. 

FIG. lib is a fragmentary cross-sectional view fflustrsting th*> pian^m^t 0 f 
an embodiment of an apparatus for han^ 
20 oftheweU borehole. 

FIG. 11c is a fragmentary croan unctions! view illustrating the injection of 
afirstcpumtftyofahardenab^ 
well borehole. 

FIG. 1 1 d is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 
FIG. 11* is a fragmentary aoaa-eec^^ 
a second quantity of a harriennMe flnidir spalmg material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view flhistrating the completion 
30 of the tubular liner. 



Detailed Description of the Rhifltratrve Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an over lapping joint that prevrattsfliiid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method farther permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfanctkm in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hgngmgr an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method farther have 
application to the joining of tubular members in general 



herring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described As ffiustrated in Ffc 1, a wellbore 100 isposttioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to farm a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterranaanfonnatkm^ 

100. The apparatus 200 preferably inrfnAm *n «r ]W wUKi r mandrel or pig 205, a 
tubular member 210, a shoe 216, a tower enp seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a ihrfd passage 240, seah 245, a^ 
member 250. 

15 The expandab le mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
^ number of conventional commercially available expandable mandrels modified in 

accordance with the teachings of the present disclosure. In a preferred 
20 wnhodimf»nt, the expandable mandrel 206 comprises a hydrmHc arpan^oT, M 
disclosed in US. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 2 10 is supported The 
26 tabular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tabular member 210 may be fabricated from any 
number of conventional coxmneraalry available materials such as, for 
Oilfield Country Tubular Goods (OCTG), 13 chromtum steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tabular member 210 is 
80 fabricated from OCTG in order to inaxiinixe strength after ezpaaaion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectrvBry. In a preferred 
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embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 26^ of the tabular meinber 210 
is slotted, perforated, or otherwise modified to catch or slowdown the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferabby limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fhlid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal n Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred enibodiment, the shoe 215 
comprises an aluminum down-jet guid e shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 

20 accordance with the teadnngsof the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the 

side outlet ports in fluidic coinmunication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects liardenablelluidicseaM^ material into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ballseaHng member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cup real 220 is coupled to and supported by the support member 
250. The lower cup Beal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional eonunerdaUy 
5 available cup seals auch as, for example, TP cups, or Selective Injection Packer 
(SEP) cops modified in accordance with the teachings of the present disdc«ire. In 
a prefea ted embodiment, the lower cup seal 220 comprises a SIP cup ra»>hu 
from Halliburton Energy Services in Dallas, TXmcmier to c^timaJlybkKi foreign 
material and contain a body of lubricant. 
10 The upper cup seal 226 is coupled to and supported b^ 
250. The upper am seal 226 prevents foreign 

region erf the tubular member 210. The upper cop seal 226 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
cups or SEP cups modified in accordance with the teachings of the present 

15 disclosure. In a preferred Embodiment, the upper cop seal 225 comprises a SEP 
cup, available fromHalliburton Energy Ser^^ 
block the entry of foreign materials and contain a body of hibricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 21 Q betowthc ^n^Ki, wfndrpl 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. The fluid passage 230 is preferabfypcri^ 
the apparatus 200. 

25 The fluid passage 230 is preferably sdactBd,m the eastog running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimiie drag on the tolmlar member bia^ run and to nm 
surge pressures exerted on the wellbore which couU cause a loss of wdlbore fluids 

30 and lead to hole collapse. 

Thefluid passage 235 perniitsfhTidkm 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, flnidic materials 255 farced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby mfniTniTiTig surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably mini mite surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallonafaiinute and 0 to 
9,000 psi in order to reduce the dragon the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to minimi™ surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, tobeplacedinfluid passage 240 
to therein block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkly isolated from the region exterior to the tubular member 210. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned subst antially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallona/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/cr a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug; dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seal* 246 are further positioned on an outer surface 266 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly Bealed. The seals 245 may comprise 
any number of conventional ccnnmerciauy available seals such as, for example, 
10 le^nibber. Teflon, or epoxy seals modified m accordant 
the present diaclosure. In a preferred embodiment, the 
Stratalock epoxy available from Haluburtco Energy Servicesm 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing w»«wff 115. 
15 In a preferred embodiment, the seals 245 are selected to np tim.ny provide 

e sufficient fractional force to support the expanded tabular member 210 from the 
existing casing 116. In a preferred embodiment, the frictional force (jptimaUy 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 Thegur«x)rtrnemD«r2iMi*ira p w ^.rtn VV 

neaber 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an animlarm^ 

apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 

25 centralizers (not illustrated) to help stabuixe the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In t his maim er, the extrusion of the tubular member 210 ofT 
of the expaiio^le mandrel 205 is facflitatad. The lubricant 276 may comprise any 

30 number of conventional coinmerrially available lubricants such as, for example, 
Lubriplate, chlorine based hmricants,ou 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3 100) available from Climax Lubricants and Equipment Co . in Houston, 
TX in order to optimally provide optimum lubrication to facQiate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions ofthe apparatus 200. In this manner, 
the mtroduction of foreign material into the apparatus 200 is minimited. This 
twiwiTTn whi thp pnamhility of foreign material clnpyinp the various flow passages and 

valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weDbore 100 9 a couple of wellbore volumes are 
circulated in order to ensure thai no foreign materials are located within the 
wellbore 100 that might clog up the various flaw passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Pig. 3, the fluid passage 235 is than closed and a hardmahle 

fluidic ftf^ lfa g material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 t hfp exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the ftuidic material being 
pumped The optimum flow rate and operating pressure are pi^erablyd^ 
30 using conventional empirical m e thods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardmahto fhxidic sealing material 805 comprises a blended cement prepared 
spedficafly for the particular we^ 
Services m Dallas, TXmcnrder to provide 
5 while a ls o marinfaining optamum flow characteristics so as to minimize difficulties 
during the displacem ent of cement in the ammlar region 315. The optimum blend 
of the blended cement is preferably determined using conventional em p irical 
methods. 

The annular region S15 preferably is filled with the material 305 in 
10 sufficient onnntitto* to aaaara thai, npm r«K«1 j-pm*^ /iffK^ tn>™i nr m^K^ 
210, the annular region 8 15 of IhenewsectionlSOofthewellbore 
with material 305. 

In a particularly preferred embodiment, as ilhistrated in Fig. 3a, the wall 
thickness and /or the outer diameter of the tabular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the weffi>ore with ti^ clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As ilhistrated in Fig. 4, once the annular region 315 has been adequately 
20 fifed with material 306, a plug 405,^ 

fluid passage 240 thereby fluidicfr isolating the interior region 310 from the 
annular region315. In a preferred embodiment, aram-harfgnahl*» fhiidin Tno^ai 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 2 10 will 
25 not c ontain mgrnfimnt amounts of cured material 305. This reduces and simplifies 
the cost ofthe entire process. Alternativebthen 
this phase of the process. 

Once the interior region 310 becomes sufficienlJypressuriied, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 

the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at spprmdinatefy the same mte as tl» 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the OTtnigTtrn pTDfPOT H rf}T rirnmr *^ ™*h *h» fcnhnlflr member 210 positioned above 
the bottom of the new weHbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore flection 130 under the force of gravity. 

The ptag 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acta to lluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of c onventio nal commercially 
available devices from plugging 

Cementer (MSG) latch-down plug, Omega latch-down {dug or three-wiper latch- 
down plug modified in accordance with the teadiingsofthe present disclosure. In 
15 a preferred embodiment, the phig 405 comprises a MSG latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10, 000 psi and 30 
20 to 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is Tntnimitfd. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3,000 gaJlona/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
grpftmrimi process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of tabrieant, and the yieU strength 
ofthe tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater the yield strength ofthe tubular member 210, 
then the greater the operating pressures required to ertraifa th* m,k^i<„- tt^Ht 
210 ofTof the mandrel 205. 

For typical tabular members 210, the extrusion of the tabular member 210 
5 off of the ft rntn ria Mp m a n d r el wfll begin warn the pressure of the interior region 
310 reacbes, for example, approxhnatefy 600 to 9/)00 pel 

Daring the extrusion process, the eipaiidabb mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 ft/sec. In aprcferred pmhodhuent, duringthe extrusion 
10 process, the erp i mdaMe mandr el 205 is wised out of the expanded portion of the 
tubular mendw210at rates rang^ 

the time required for the expansion process wbile also permttingf^ control of 
the tMpanmnn process. 

Warn the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferabb/ contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluM tigta overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi. In a preferred embodiment, the contact pressure of the overlapping 
20 joint raiigea from apprcami^^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate Ijyiricd 

The overlapping joint between the section 410 of the existing casing 1 15 and 
t^wjction 265 cfthe expanded tubuto 
!6 and fluidic seal In a particularly Preferred ernhnrimwrnt, a,> - a i«, c ^ rTI , hrrn?15 
c>JJtimaIfyprc^afluia^a 

In a preferred enmodiment, the operatii^pressure and flow rate of the non 
har rim nhlp fhiirfir m at er ial 306 is (xmtrollably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
0 manner, the sudden release of pressure caaarf by the eoiniilete extro^on of ^ 
tubular member 210 off of the expai!dableniand^205 canbeiim^imi^ In a 
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preferred embodiment, the operating pressure is reduced in a substantial^ 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 15 is satisfactory, 
then apy uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 316 is then allowed to cure. 

As illustrated in Fig. 6, preferably airy remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional using a conventional drill string 505. The resulting new 

section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 615 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is eq^uuized during the extnision process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the 
10 members 605 are bonded or molded onto the outer surface 265 ofthe upper p ar Lion 
260 of the tabular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
bales reduce the cjpexating pre 

the tubular member 210. This reduction m required cipesratmg pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. Tlusreductioamvetodlymturnnun^ 
entire apparatus 200 upon the completion ofthe extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 far forming a easing within a wellbore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 786, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

55 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable inandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional coimnerrially available expandable mandrels 

(0 mwiified in a«xirdancevrith the teaching In a preferred 

embodiment, the expandable mandrel 705 cmnprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 

5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thfr*™*** than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weflbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside gtiftTngfgf of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1*6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fe rred embodiment, the tubular member 715 has a substantially 

cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705> The 
lower section of the tubular member 715 is preferably defined by the region 
b eginnin g in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater th^ 

and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation of th^ 
10 700 to be positioned in locations in the weHbore having tight -l^nn^ 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 716 may range, fijr example, from about 1.05 to 48 inches and 1/8 
to 2 inches, respectively. In a preferred emboditaent, the cniter diameter and waU 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thfeknww of the mtPrmiwKfit* Bfrti o n 810 of the 
tubular member 7 15 may range, for example B from about 2J5 to 50 inches and 1/16 
to 1.5 inche s, respectively. In a pr e ferred embodiment, the outer diameter and 
wall t hicknes s of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to 1JE6 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2 J} to 60 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to L25 inches, respective*?. In a particularly 
piafeuoJ embodiment, the wall thickness of the tower section 816 of the tubular 
member n5 is further increased 

drillable materials such as, for example, aluminum are used 

The tubular member 715 preferably compri^ In 
80 a preferred embodiment, theend portion 820 ofthetulnilarinember715isalotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 whan it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member^ 

For typical tubular member 715 materials, the length of the tubular member 7 15 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly p r efer red embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
dements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commexoaUy 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure In a preferred embodiment, the shoe 720 
comprises an aluminum down-j e t guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 aid an existing w 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals audi as, for example, TP cups or Selective Ixgectkm Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. Tbe upper cm? sesl 730 prevents foreign ins^ 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conv entions! commercially available cup seals such as, for example, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the prenpnt disclosure. Inapreferredembodiment, the upper cup seal 
730 comprises a STP cup available from HauiburtOTEnet^8eryK^mDauas,TX 
in order to optimally provide a debris barrier and contain a body of rabrkant. 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region rfthe tulmlar member 715 below th» m^mnAmhu ™ Pnt jrel 
706. Tne fluid passage 735 is flnid^cmml^ The fluid 

passage 736 is pre&rabb/ coupled to and postponed wiUnn the support m^ 
760, the support member 746, the mandrel container 710, and the ««po»wi»^ 
inandrel705. The fluid passage 735 preferably extends from a poritions4jacxnt 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 736 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epozies at flow rates and pressures ranging from about 40 to a,nnn gall™, Vminnte 
and 500 to 9,000 psi in order to provide sufucient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the weflbore above the tabular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage ia further fluic^ The 
pressure release passage preferabry includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embaiiment, the control 
valve is presBureactivatedmordijrtoe The 
JO pressure release passage is i*efer^^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimise surge pressures on the new weflbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the hilet 830 of the fluid pass 

10 to thereby block farther pass In this manner, the interior 

region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicry isolated from the region exterior to the tubular member 715. 
This perxaits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferabry positioned substantially along the 

centerline of the apparatus 700, The fluid passage 740 is preferably selected to 
convey ippf*™** such as cement, (hilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galtonfi/niinute and 0 to 9,000 pai in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic material*. In a preferred emb odiment , the fluid 
passage 740 inctudgs an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer red embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 ofthe tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fhiidicry sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the tea ch i ngs ofthe 
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present disclosure. In a pief eiie d embodiment, the seals 845 comprise seals 
m o ld ed from Strata Lock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the t\^^ 
715. 

In a preferred embodiment, the seals 845 are selected to provide a guffaw 
frictions! force to support the expen d e d tubular member 715 from the ^atfng 
casing. In a preferred ezobodhmt, the frictions! force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
exp an d ed tabular member 715. 

The rapport member 746 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

15 700 into a new section of a wdlbore. In* support member 745 ins^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
emb<xiiment. the support member 745 mmpriaeB rnnv mtirwnl ^rill pip* available 

20 from various steel mills in the United States. 

In a pre fe rred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this mann ar, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplata, chlorine based hibricanta, oil based lubricants, or Climax 
1500 AnMsiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1600 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to feciliate the extrusion 

30 process. 

The overshot connection 755 is coupled to the support member 745 aim the 
supportmember760. The overshot connects 
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member 745 to be removably coupled to the support member 760- The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 pr e f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of m wellbore. The eupport member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high ste 
modified in accordance with the teachings of the present disclosure. In a preferred 

15 embodiment, the support member 760 (xmiprisesaconventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. Hie stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise anynumber 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a «*ftHng adapter upper guide available bom Halliburton Energy Services in 
Dallas, TX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700* In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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Ill a preferred embodiment, before ex after positioning the apparatus 700 
within a new section of a wellbore, a couple of weHbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 70S during thp grpn^^ process 

In a preferred embodiment, 
described above with reference to Pigs. 1-7 to form a new section of casing within 
a wellbore, 
10 AsilhistratedmKg:^ 
and apparatus described herein 

by forming a tubular liner 810 inside of the existing wellbore r»«*n g 806. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, ai^ number of fluidic 
15 materials can be used to exparid the 

the damaged section of the wellbore casing such as, for example, cement, epoxy, 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided 

to optimal^ provide a fhiidic seaL In an alternative preferred embodiment, the 
20 tubular liner810is formed withinaho 

as those used to transport hydrocarbonsorwatCT 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repainri without having to 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to dire^ Ina 
preferred embodiment, an outer annular Hningof cement 
the tubular 1^810 and ^ In the alternative preferred embodiment, 

any number of fluidic material 

30 intimate contact with the wellbore suc^ 
or drilling nrud. 
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Referring now to Figs. 9, 9a, 9b end 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy removal ofthoae dements by drilling them out. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. Daring operation of the 
10 apparatus 900, the tubular inembw 

906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantial^ annular cross occti an. 

In a particularly pr e f erred embodiment, an f r rpandahla ta bul a r member 915 
is coupled to tta upper portion910oft^ During 
15 operation ofthe apparatus 900, the tubular mem 

rrffrhfi fnttndfg l iKlfi hy pwwgtimmg the interior region 966 of the tubular member 
902. The tabular member 915 preferafa^hasasubs^ 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater thi ™ the wail thirl"*™* ofthe tubular member 902. 
20 The tubular member 915 may be fabricated tram any number of 
conventional commercially available materials each as, for example, oilfield 
tubulaz^krwaUoyBtee^trtaniumors In a p re fer red embodiment, 

the tubular member 916 is fabricated 

provide app rox i mately the same mechanira) properties as the tubular member 902. 

25 In a particularly preferred em^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
fi j^ i m « s i tt A trfy thg name yield properties as the tubular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a pr e fer r ed embodiment, the upper end portion ofthe tubular member 

30 915 includes one or more sealingmembers for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular members 
902 and 9 15 are limited to minimize the possibility ofbuckhng. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914of the tubular niember 902 is preferably 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such as, for j*™™^ oilfield 
tubular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tobulars in order to optimally 
provide approximately the «n^^ 
Inaparticularly preferred embody 
15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

Tbm wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, forexample, from about lA6tol.5 
inches . In a preferred emborirmpn t, tha wall t^w™^? n f *Ha vpP*r, fntfrT""d» flfr>, 
20 and lower portions, 910, 912 and 914of the t^^ 

1/8 to L25 in order to optmally prm^ w»iT1 thJryy*^ ^f>t nn» about the come nn 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameterof the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may ran^ for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and tower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 MyrrtmpmnTiy Available tubular members modified in accordance with the tearhinPB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teaffhingg of the 

10 preaentdisclosure. In a preferred embodiment, the tu^ 

Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. Hie tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or from one piece. In a preferred embodiment, the various 

20 ylffnw"fa« of the tubular member 915 are coupled using welding. The tubular 
member 915 inay comprise a ph^ 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstxing adapter 918, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900 , the support menmer 904 preferably suiroor^ 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional conunercially available materials such as, for ermnple, oilfield 
tubulara, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in onier 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
convention drifl string supp The innerstring adaptor 

6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

ThefluMpasaage918iaprefeT^ 
toandfromtheapparatua900. In a preferred embodiment, the fluid passage 918 
is fhiididy coupled to tte In a preferred embodiment, the fluid 

10 passage 918 is used to convey hartmahte flmritr sealingmaterials to and from the 
apparatus 900. Inaparttaito frpi a fa ^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the app In a preferred 

embodiment, the fluid passage 91 8 is positioned along a longitudinal wnM^ 0 f 
16 the apparatus 900. In a pm fo rrftfi rnnK^tm^t fa pngtagp gig fa pcfaaed 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 9,000 pat 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted 
20 within the tubular mainber91& Tba upper guide 920 may comprise any number 
of conventional guide members modified in armHimr* with *h* t^^Sn^ pf the 
present disclosure. In a preferred embodiment, the tqaper guide 920 comprises an 
innerstring adapter available from Halliburton Energy SgrvigM m n*i u q /nt on j CT 
to optimally guide the apparatus 900 within the tubular member 915. 
26 The couplmg 922 couples them The 

coupling 922 prefcrab^CTmrTiri 

The varioua elements of the support n^ 
number of conventional processes such as, for example, welding, threaded 
co nnnct k m s or mnrhmcd from one piece. In a prefeired embodiment, the vario^ 
30 elementsof the support member 904 are coupled using threaded connections. 
The mandrel 906 preferably inching 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper ccme retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924 9 the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 ofthe tubular inember 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a pr e f erred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas* TX in 
order to optimally block foreign materials. 

In a particularly p r ef erred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface ofthe tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide hibrication to faciliate the extru si o n process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936 t the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation ofthe 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface ofthe expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantial^ aimular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0,25 to 0,75 inches in order 
tocptmmlfyprovi^ ^ 
10 maximum and minimum outside A\*mett*r * oftha w]Mm^ «mi> py^ wm g » 
for example, from aboutlto47 inches. In a p**™^ ^^^^ tho pm^n^ 
andmmmmm outside diameters of the exptimrinn cone 928 range from about 8.5 
to 19 in order to optimally provide expansion of generally available oilfield tubulars 
The expansion cone 928 may be fabricated frra 
15 commercial^ available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred embodiment, the ex 
from tool steel in outer to optimalfyprovideh^ strong^ 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
exampte, from about 60 Rodbr^ In a preferred embodiment, 

20 the surface hardness of the onter surfto of the expansion 

about 68 Bockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimal^ provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower crae retainer 9^ cone 928 and the 

bousing940. In a preferred embodiment, axid 

928 is prevented l^y the lower cone retainer 930. Preferably t the lower cone 
retainer 930 has a substantially annular rrrwn ncction. 

The lower cone retainer 930 may be fabricated from airy number of 
30 conventional commercially available materials such as, far example, ceramic, tool 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardnem of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the tower com 
10 cone 928 are formed as an integral onft^aece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferab^ mat^ with the inner suifeces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The bodyof cement 932 provides an ini^beai^ structure for the mandrel 906. 
The body of cement 932 further may be easuy drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 9 32 preferably has a sub stantially annular crossr 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the appar^^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially OTT> ^ r cross-secti on , 

The lower guide 934 may be (fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In & preferred embodiment, the lower guide 934 is 
fabricated from low alky steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve S36 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferabry has a substantial by annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for nw^plf t oilfield 
tubulars, low alloy steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fabric^ 

highyield strength. Theorfersuri^tft^ 

with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the mnnber of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferabry includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. Inthisinaiura v aphigordart 

surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferabry, the spacer 938 has a rnihstantiaHy annular cross-flection. 

The spacer 938 may be fabricated from any number of conventional 
commercialry available materials such as, for example, steel, aluminum or cast 
iron. In a preferred enn^odhnen in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 

26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed as an integral one-piece element m 
to reduce the mnnber of ramponenta and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the apparatus 900, the housing 940 preferabry prevents 

?TiripT radial 

motion of the erpanmon cone 928. Preferab^thehoaaag940hasanib8tantially 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available such as, for example, oilfield tubulars, low alloy 

steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred prnlwqm»iit, gnidfl 934, ertmajon alegve 936 and housing 940 

are farmed as an integral one-piece element in order to minrmifp the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 rnfhid*** one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the apacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferahry provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a substantially annular 
crosa s e ctio n. 

The «««K*ff sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, a hrmmnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facQiate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900 , the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a su b sta ntially annular 
cross-section. 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available noaterials such as, for example, steel, 
aluminum or cast iron. In a prefer red embodiment, the upper cone retainer 944 
is fabricated from aiummummoider to optimally p 
5 cone retainer 944. 

In a particular ptefen^ retainer 944 has a 

cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-ahaped to provide increased rigidity and ininixnize the 
10 amount of material that would hra 
TfcehibricatOTinandrd 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the bo^y of lubricant in the annular region 972 for lubricating the 
15 interfere between the mand^ 

lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional c ommorn a ll y available materials such as, for example, steel, 
aluminum or cast iron. In a p re fem wl omiwifmon^ fabricator mandrel 916 ic 
20 f a bric a te d from ahTmirmm in order to optimally provide driUabOity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, theupper cane retainer 944, tte 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 928. Preferably, the lubricator 
sleeve 948 has a gnhgtanttolly *mmiin r mytPHrection. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the hibricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide driDabOity of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. The lubricator sleeve 948m turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are pixrdd^ between tiie lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-section. 

The guide 960 may be fabricated from any number of conventional 
commercially available tn<ifrjwi»i« such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
m ftfrgrigin In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 andflow rate rangmgfiom about 0 to 9,0(»psiaxid0 to 3,000 gallonatain in order 
to cptiinauypitmde pressures and f^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 copnertioMormnyntiDg T " * p^forrpri Embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of ce ment 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964, 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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■hoe 908 to facilitate the extrusion and positioning of the tabular member 902. 
Preferably, the homing 954 bag a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for prample, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide driflabiHty of the housing 954. 

In a particularly preferred embodiment the interior surface of the h migm g 
954 indudesoiiecr more protrusions to 
of cement 956 and the housing 954. 
10 The body of cement 956 ig«mpl«l to th# hmurfngflfia jmrf f ff 1mg frtnrr 

958* In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be eaapy drilled cmt using conventional 

drilling ■mqrfrfrwHi yt|^ ptrflCflflffOS. 

The composition of the body of cement 966 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a (billable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

Tie sealing sleeve 958 is coupled to the body ufcement 956, the extension 
tube 960, the fluid passage 962, airi one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenahle fluidic material from the flnid pamaga flfig mtn th y fhwl p^ffpfg ^ 9*? 
and then into the outlet jets 964 in order to h^jectthehaiu^mablefluidknmterM 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of fl» apparatus 900, the sealing sleeve 958 furt^ 

25 inchideseii inlet geometry that pennto 

lodgedin the inlet of the sealing sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fhxidic^ isolating the intero 
member 902, 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-aectioiL The aeaH^ 

of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 968 is 
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fabricated from aluminum in order to optimally provide drillability of the «»«Kng 
sleeve 958. 

The extension tube 960 is coupled to the Beating sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable iluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900 9 the sealing sleeve 960 further includes an inlet 

10 geometry th rt permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidiclyisolath^ In 
a preferred embodiment, <me end of t^ 

the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-eection. The extension tube 960 niay be fabricated &om any 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 faKrWtftd from ^^^^ in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xte nsi o n 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveyB hardenable fiuidic materials . In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is mfop+H to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 9,000 psi and 0 to 3,000 gaHona/mmm order to or 
provide fluids at operationally efficient rates, 

30 The outlet jeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidk material frmii the fluM passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 inchzdes a ptaraliiy of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise pe^sa^ 
the housing 954 and the boo> 
5 of the apparatus 900. 

The various elements of the a 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 

described above with reference to FigB. 14 to create ^ 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a w 
a drill string is used in a well known manner to drill out material from the 

15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 mcludes tto titular member 916. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 

20 material is then pumped from a aurfiro location into the fluid pa The 
hardmah le fh i idir s ealing malarial than paiwi frnm thu fi^ftj p^^g* q] a ^ 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing rnateri^ 

the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jeta 9M and fills an annular region between the 

exterior of the tubular menober 902 and the interior waU of the 

wellbore. Contmuedpumpingoftte 

material to fill up at least a portion of the annular region- 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures a^ flow rate^ 

5,000 psi and 0 to 1,600 gaH on nftnin , respectively. In a preferred einbodiment, the 

hardenable fluidic moling mat e ri al is pumped into the annular region at pressures 
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and flow rates that are designed far the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circuktion might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the anmilar region has been adeqw 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by intnxhicingtte plug ot dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 isminimixed. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the 
the support member 904 During this extruirionp 
substantially stationary, 
5 The plug or dart 974 is prefi^abry placed into the fluid passage 962 by 

introdudng the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The ptng or dart 974 may comprise any number of 
conventional annmercialfy available devices for phiggmg fl fluid passage such as, 
for example, Multiple Stage Ceane&ter CMS© latch-down ping. Omega latch-down 
10 plug or thi^ wiper latch down ph 

the present disclosure. Inapreferied rnnhodimrn t» the phigor dart 974 comprises 
a MSC latch^own phig available from Halliburton Energy Service* in n Q n«. TX 
After placement of the plug or dart 974 in the fluid passage 982, the non 
hardenable fluidk material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimalfyextnide the tubular m and 915 

off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel wffl begin when the pressure 
20 of the interior region 966 reaches approximately 500 to 9,000 paL In a preferred 
embodiment, the extrusion of the tubular members 902 and 9 16 offof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gaHonsfaimite. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed mat enough to permit efficient operation and 
30 permit ftill expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 9 IS is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular mem^ 
915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight over lapping joint . The contact pressure of the 
5 overlapping joint may range, for example, fttm approximately 60 to 20,000 paL In 
a preferred embodiment, the contact pressure ofthe overlappmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximate*/ 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular member 915 and florist 
compressive loads. 

In a pre f erred embodiment, the operating pressure and flow rate of the non 
hardenable fhxidic material will be controUably ramped down when the mandrel 
906 readies the upper end portion ofthe tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised, In a px ef erred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has *rmtpi«fca^ approximately all but about the last 5 feet of the 

20 extrusion process* 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate ofthe hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases ofthe operation of the apparatus 900 to 
minimixe shock. 

25 Alternatively, or hi combinati^ 

member 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity ofthe fluidic seal ofthe overlapping joint between the 
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upper portion of the tubular member 915 and the tower portion of the -»ic«~ g 
casing is tested ustagcoroeinfeiud methods. Ifthefhiidicseal of the overlapping 
joint between the upper porticm of the tubular member 915 and the lower portion 
of the existing casing is s at i sf a ct ory, then the unenred portion of any of the 
5 hardenable flnidic aealing material within the expmdftd tubular member 915 is 
then removed in a conventional manner, tisa hOT^nhfr fhti^ «mifa g material 
within the anmilnr region between the expanded tubular member 915 and the 
existing casing and newsectkmof wellboreisthenalbwed tocure. 

Preferably any remaining cured hnrdPTmhle fhridic aealing material within 
10 the interior of the expanded tubular members 

convent ional maime r using a conventional drill string. The resnltingnew section 
of casing preferahfr inch ide8 the e xp an d^ 

outer annular layer of cared hardenable flnidic sealing material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventkinal druling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary toreniove the entire apparatus 900 

to a malf un ct ion. In this circumstance r a conventional drill gfcrin g i> 118f ^ to drill 

out the interior sections of the a|^^ 
20 therenuuningeectkms. In a preferred fmtKvKmmit ™frriCT elcmonto of the 

apparatus 900 are fabricated from materials such as, for example cement and 

alximmmn, that permit a conventional drill string to be employed to drill out the 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and sl^ 908, including one or more 

cement 932, the spacer 938, the aealing 

the fabricator mandrel 946, t^ 

954, the bod> of cement 956, the sealing 

are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
nuu^bnetion downhole, the apparatus 900 may be easOy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b t 10c, lOd, lOe, IQf, and lOga method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulns 1010. The second casing 1006 preferably includes a tabular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is farmed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 
10 In a particularly pref erred embodiment , an upper portion of the tubular 
liner 1012 overlaps with a hiwei por tion of the tubular liner 1008. In a particularly 
p r ef erred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1135, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available ex pand able mandrels 
25 modified in accordance with the teachings of the present disclosure. Inapreferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in ILS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teaching s of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1 1 10 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chromram tubing or plastic piping. In apreferred embodiment, 
the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tabular member 1110 may r^p* fc r 
5 example, from approximately 0.75 to 
In a preferred embodiment the inner and outer diameters of the tnb nl^ m^K^ 
1110 range from about 3 to 15.6 inches and 3.5 to 16 Inches, respectively in order 
to optimally provide coverage for typical oil fi eld casing rites. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portionofthe tabular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minimis e the possibility of buckling. For typical tubular member 1110 materials, 
15 the lengthofthe tabular member 1110 is prefiarably limited to between about 4^ 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15incl\ides the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seainfloatahoe, Super SeainDo^ 

with a sealing sleeve for a latch down ping modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side ports radiating off 
25 Energy Services in Dallas, TX, modified fa accordance wifc 
present disclosure, in order to optima% guide the tubular me 
overlap between the tabular member 1100 and the casing 1012, optdinallyfhiididy 
isolate the interior of the tubular member 1 100 after the latch devra plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 indodes one or more side outlet 
ports 1140 in fiuidk communication with the fluid passage 1135. In this manner, 



-45- 



the shoe 11 15 iqjecta harriranhle fluidic sealingmnterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed off by introdudng a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 1110 a4jacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such aa, for example, TO 

accordance with, the teachings of the present disclosure. In a ptefei ie d 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUonsteinute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fluidic material* tobe transmitted fromfluid 
passage 1 130 to the interior of the tubular member 1 1 10 below the mandrel 1 105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in t^ 
passages 1140 to thereby block further passage of fluidic "vfrriftlff In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fhiididy isolated from the region exterior to the tubular 
member 1105. Thispermits the interior region of the tubnlarmember 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 mepmfmihfrr*^ftn«H nirm g ^ periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates axidpressum 

about 0 to 3,000 gaBonatainute and 0 to 9,000 pei in order to optimalry fill the 
annular region between the tubular member mOasd the tubular liner 1008 
fluidic materials. In a preferred rnnhodtment, the fluid passages 1140 inchxde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
16 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1 1 15 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other annOar device, to permit tte 

to be fluidicry isolated from the exterior of the tubius mm 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are farther posffioned on an 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjomt between the of the casing 1012 and the lower 

end portion of the tabular member 1110 to be fhiididy sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the tenrhrngs of the present disclosure. In a pre f erred 
30 embodiment, the seals 1145 comprise seals molded from SfaatAWk opwy ^iipM * 
from Halliburton Energy Services in Dallas, TK in order to optimally provide a 
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frydraulfc «aal in the overlapping joint and optimally provide load carrying r*W*ty 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are sekcted to optimally provide 
a sufficient firictionalforce to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferredembodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into" the wellbore 1000. In a piefexml embodiment, the support 
member 1150 farther includes one or more conventional centraiisers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiaeize (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100* In this 
25 manner, the introduction of foreign material into the apparatus 1100 is minimized. 
This tnrTUTP?"** the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. la a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available fh?m Halliburton^ 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-backinplaceof the packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the weUbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
dog up the various flow passages and valves of the ap p aratus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As fflustratad in Fig. 10c, a hurdmaMft flmrtif* ~fl%iff material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. Immaterial 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expand able mandrel 1105. The material 1160 then passes 
from the interior region of the tubular mernbex 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the ammhw region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tabular liner 1008. Contimied pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallonstein. respectively. InaprefaT^imilv^i^ 

into the annular region at pressures and flow rates spedficany designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of The optimum flow rates 

and pressures are preferably calculated using conventional empirical methods 

30 The har t te n able fluidic sealing material 1160 may comprise any number of 

conventional commeraally available hmtenah lA ftiMh mmH^ s nrfttrrialg such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimal^ provide proper support for the tubular 
member 1110 while mnmtaming optimum flow characteristics so as to mnrnniTe 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1160. 

Aa illustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1160, one or more phigs 1165, or other similar devices, preferably 
axe introduced into the fluid passages 1140 thereby fluididyisokting the interior 
region of the tubular member 1110 from the anntilar region external to^tulnilar 
15 member 1110- In a preferred embodiment, a nonhartmable fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardffnahle fluidic 
20 mfH"^ In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimised. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
prggmiri ml, % h * tnhnlar member 1110 ia extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, phigs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the phigs 1165 comprise a sin^e latch down dart 

After placement of the phigs 1165 in the fluid passages 1140, the non 
5 hard enable fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximate^ 500 to 9 9 000 psi and 40 to 3,000 galtona/xnin. 
In a preferred embodiment, after placement of the plugs 1 165 in the fluid passages 
1140, the non hardwiaMe fluidic material 1161 is preferably pumped into the 
10 mtericxregkm of the tubular m 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonsAnin in order to optimally provide eitxusian of typit^tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
16 interior region of the tubular member 1110 below the maiKird 1105 reaches, for 
example, approximate^ 1200 to 8500 psi- In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 Daring the extrusion process, the expandshkmamird 1105 may be raised 
out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from about O to 5 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/aec in nrHm- tn np twnaUy 
25 provide permit a^pistment of operational parameters, and optimally ensure that 
the extrusion process will be completed befbtetto 

In a preferred embodiment,^ 
1110 has an internal diameter less than the imtBidedifliM*^ftfth ft t« OT riw >i hqs 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portkmof the eoqwided sec^ 1180 effects a seal with 
at least the wellbore casing 1012. In a particularly pieferiwl embodiment, the seal 
is effected by compressing the seals 1018 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 

Xn an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide optimal resistance to 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandab le mandrel 1105 
reaches the upper end portion of the tubular member 1 110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minhnirai In a 
preferred embodiment, the operating pressure of the flnidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1 1 1 0 in order to catch or at least 
decelerate the mandrel 1105. 
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Beferrmg to Fig. 10f r once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular H i ht 1108 is tested 
using conventional methods* If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the unrated portion of the material 1160 within the 
Expande d tubular member 1110 is thenremoved in a conventional manner. The 
10 material 1160 within the amnilftr region between the tubular mimiW 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1Q£ preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventi onal m a n n e r usinga conventional drill string. The resultingtie-back liner 
15 ofcasing 1170 includes the expanded tulmlar member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling m»fliAda 
20 In a particularity preferred embodiment, the apparatus 1100 incorporates 

the apparatus S00. 

ReferringnowtoFigs. lla-llf F an embodiment of an apparatus and method 
for hanging a tubular liner ofiTof an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 inchules an e 

a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the sufaternmean formation 1205, 
a drill string 1225 is used in a well known numnpr to drill out material from the 
subterranean formation 1205 to formanewBection 1280. 
30 As illustrated in Fig, lib, an apparatus 1300 far filming « wtlhnrg wurmg 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably fairJnAm at> fti^^Ho ^«Mr?1 m 
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pig 1305, a tubular member 1310, a shoe 13 15, a fluid passage 1320 , a fluid passage 
1330 9 a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 ispreferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance witttte 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 maybe fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 i n clu d e s an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365* In a 
preferred embodiment, the wall thickness and rater diameter of the uppw 
1355 of the tubular member 1310 range from about 3/8 to 1% inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a pref erred 
embodiment, the wall thickness and outer diameter of the tower portion 1365 of 
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the tubular member 1310 rang© from about 3/8 to 1.5 inches and 3.5 to 16 in^^g 
respectively. 

In a particular^ preferred embodiment, the wall thickness of the 
intermediate section 1360 ofthe tabular mexnber 1310 ia less than or equal to ^ 
5 wall t hicknes s of the upper and lower aections, 1355 and 1365, of the tubular 

mgmhgr 1810 in order tn npHmnTly fawK«fji &*m mttfa tfcm thf> frtT"«»nn propfrgs 

and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 

10 preferred rnnhodiment the upper end portion 1355 rftim faihwiny mmwn^ r 
is slotted, perforated, or otherwise modified to catch or daw down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal H Down^ float shoe or guide shoe with a 
sealing sleeve for a latch-down ping wimtifl^ in with »ho tawfrtng n ^ 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
ahiminum down-jet guide shoe w 
from Halliburton Energy 

25 teachings of theptresentdisdosw*,^ 
1310 mto the weHbore 1200, opti 

member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315finihermcludesone or more side 
30 outlet ports in fluidic conmniTriraHon with the fluid passage 1530 Tn M*™™** 
the shoe 1315 preferably injects hardenuM* flmdv* ^^gmntrrinl into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits flnidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallonf/nunuteaiidO to 9,000 psim order 
to optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fhiidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
connnnnication with the interior region 1370 of the tubular member 1310 below 
20 the CT pn^nMft mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
paacft g» 1 330 tn thereby block farther passage of fhiidic material ft. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicry isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1805 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 ganons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weDbo^ 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing n phi g 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
co mTminiratio n with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the amterime of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxiea at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pei in order to optimally fin the annular region 
between the tubular member 1310 andthenBWse<^on l^ofthewemxirel200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion ISM 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of convent 

20 such as, for example, lead, rubber, Teflon, or epoiy seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seak 
1340 comprise seals molded from Stratatock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide ah 
annuhis of the overlapping joint while also acting optimal load bearing capability 

25 to withs t a nd typical tensile and compressive loads. 
In aprcferred embodiment 
asuffident frictions! force to support the expanded tiibiilar member 
existing casing 1215. In a preferred embodiment, the firidional force provided 1^ 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

5 In a preferred embodiment, the support member 1 346 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of for eign materi al into the apparatus 1300 is minirniTPri . 
This TniTiitniTMi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. Hie wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a pref erred frmV^™™*, before or after positioning the apparatus 1300 
within the new section 1230 of the weUbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig, He, a hardenable flniriic Healing material 1380 ia then 
pumped from a surfece location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the ftoM passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 18 10 and the interte wail tf the 
1200. Continued puinping of tta 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 pa and 0 to 1,600 gallon 
10 fill the anxnilarregionbetweenth^ 

of the weUbore 1200 with the hardmiahlft fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may coinpriae any number of 
conventional commercially ava^ 

for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 
apecificalry for the well section being drilled and available from Halliburton E 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. Hie optimum blend 
of the cpmpnt is preferably determined using conventional «"ppiri^al F»ethods. 
20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient qu antit i e s too 

1310, the annular region 1390 of the new section 1230 of the weUbore 1200 will be 

filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
25 filled with material 1380, a wi 

toto the fluid passage 1320. The wiper dart 1395 is pre&rabry pumped 

fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 

than preferably engages the wiper plug I860. 

As illustrated in fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1350 causes the wiper phig 1350 to decouple 

from the mandrel 1305. Thewiperdart 1395 and wiper plug 1350 then preferably 

will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidity isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
ry^QfTijy the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Daring the extrusion process, the Pipandahle mandrel 
1305 is raised out of the yxp"^ portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surfiace location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerriaHya^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodim 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350, The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

Afterbloc&mg the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 galtons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimized. 

In a preferred embodiment, after Uocldng the fluM passage 13M, the no© 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approxim ately 500 to 9,000 psi and 
40 to 3,000 gallonfi/min in order to optimally provide operating pressures to 
30 the expansion process at rates sufficient to permit adjustments to be 

m»rk> in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psl In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fimction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type rf hihri nint, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 

determined llSEQg fift n v gntinnyl wrapfrfrfll njftfrlM>flff 

10 During the extrusion process, the expendable mandrel 1305 may be raised 

out of the expan ded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 6 fVsec In a preferred embodiment, Airm g th p^wnpnn 
process, the e xpan dable mandrel 1305 may he raij^ ^ fifths flrpan ^ 
of the tubular member 1310 at rates ranging fromalxrat0to2 ft/aecinonierto 

16 optimally provide an efficie nt process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 ofthe tubular member 1310 is extruded 
off of the expandable mandrel 1306, the outer surface of the upper end portion 

20 1355 ofthe tubular member 1310 wiUpra 

lower end portion of the casing 1215 to ftra an fluid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide contact pressure suf^ 

enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred emhodrnimt, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate ofthe non 

30 hardenable flu iri i rma fari al 1381 is exmtrollablv ramped do™ th**^^ 
mandrel 1305 reaches the upper en^ 

In this manner, the sudden release of preismm caused fay the completed 
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of the tMh"**"" member 1310 off of the expandable mandrel 1305 can be mfriimizecL 
In apEreferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
6 feet of the extrusion process. 

member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1356 of the tabular member 1310 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
rrooved from the wellbora 1200. fa ^ 

the removal of the expandable mandrel 1305 f the integrity of the fhndfc seal of the 
15 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed ma conventional inanner. The material 1380 within the annular 
region 1390 is then allowed to cure* 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 "f"»gm g i«mn inrftidft* the expanded tabular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising thoshoe 1315 may then be remo^ 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 foraation has been describe 

in the borehole. A body of fhu^niaterial is then injected The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and anon hardenahle flmrtir material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardenahle fluidic sealing material is preferably provided at 
operating pressures and flow rates ranging frtm about 0 to 6000 psi and 0 to 1^00 
gaDonataiin. The injecting of the nan hardenabb fhiito material is p 

10 prodded at operatingpzeanires and 

and 40 to 3,000 gallonnfrifn The faceting of th» mm H^fmahto fh*Ai+ ^nfmpi 
is preferably provided at reduced operating pressures and fW rates d 
portion of the extruding. The non hardenahle fhrfdic material is preferably 
unacted below the mandreL The method preferabtyxnduu^ 

16 of the tubular liner below the mandreL Theregtonof the tubular liner below the 
mandrel is preferably pressurized to pressures xangingfium about 500 to 9,000 psi. 
The method preferably inctudefl fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 
include* curing the hardenable sealing material, and iremoving at 1^ 

20 of tha cured nftstingTiMtcrial located within the tubular liner. The method further 
preferably includes over^ 

The method further preferably includes sealing the overlap between th» fatKni»» r 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
26 casing. The method further p^erably includes testing the integrity 

the overlap between the tubular hner and the existing wellbore casing. The 
method farther prefer 

fluidksealmgmaterial within tte The method further 

preferably includes lubricating the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the completion «f the »rfanidin g 



-63- 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe* The support member includes a first fluid passage. 
The mandrel is coupled to the support 

5 The tnlnilar member is coupled to the inandreL The shoe is coaled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support noembex preferably inchide s one or more sealing members 
adapted to prevent foreign material from entering an interior re^on of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psL The tubular 
member preferably includes one or more sealing members at an end portion- The 
tubular member preferably includes one or more pressure relief boles at an end 

20 portion. The tubular member preferably include* a catching member at an end 
portion foT slowing down the mandrel The shoe preferably inchides an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diamelar of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging froTnabo«t 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
duringa latter portion of the extruding. The method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. Tbe method further preferably 
includes lubricating the surface of the mandreL The method ftarther preferably 
includes absorbing shock, 

A liner for use in creatinganew section of weObcure casing in a subterranean 
10 formation adjacent to an already existing section of weUbore casing has been 
ftfiffTihffrt thnt htrlndnn im nnmilnr rnrrmhor Ttm annular member includes one or 
more sealing members at an end portion of the annular 
pressure relief passages at an end portion of the umiijw member* 

A wellbore casing has been described that includes a tubular liner and an 
15 annular bod^y of a oiredfluidicaealii^ The tubular liner is formed by the 

process of extruding the tubular liner off of a mandreL Hie tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured flnidic sealing material is preferably formed by the 
20 process of injecting a body of harctonshle flnidic sealing material into «n nirnnlm. 
region external of the tubular liner. During the pr e ssuri zing, the interior portion 
of the tabular liner is preferab^ 

tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overly with an existing wellbore casing. The wellbore casingpreferah^y further 
includes a Beal position^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that include* installing a tubular liner ami a mandrel 
within the weUboiecash^ 

pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material is selected 

of slag T***, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular Hner. In a pre fer red embodiment, the 
fajftrtirig ftf Knriy nf fhTV^f Tnaterifll in provided at operating pressores and flow 
rates ranging team about 500 to 9,000 pa and 40 to 3,000 galbnVmin. In a 
preferred embodiment, the iqjecting of the body offluidie material is provided at 
reduced operatingpressures and flow rate^ 
10 In a preferred embodiment, the fhdd^ In 
a preferred embodiment, a regkm of the tubular finer below the mandrel is 
pressurized. In a preferred embodiment, the region of the tabular hner below the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with thf» fqri fffrfa g «»11httrft easing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method farther iiududes t 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred -™>«*«™«n* method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes gypand^g mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material The tubular liner is formed by t^ 

off of a mandreL The annular body of a cured fluidic sealing material is coupled 
30 to the fcibxdar liner. In a preferred embodiment, tte 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior 

from an exterior portion of the tubular liner. Is a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pnajsuresrar^ 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of injecting a body of hArrignnhfr fluidic 
sealing material into an annular region between the exiatingwellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred iwmhnHiTTtf^t, the tie-back liner 
further includes a seal positioned in the overiapb^ween the tubular liner and the 

10 other existing wellbore casing. In a preferred embocfiment, tubular liner is 
supported by the overlap with the other existing wellbcre casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member in c lude s a first fluid passage. Hie mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion ofthe mandrel is drillable. The tubular member is coupled to the xnandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shM 

bearing member. Preferably, the load bearing member compriaea ad 
Preferably, the exterior portion ofthe mandrel comprises an expansion cone. 
Preferably, the expansion cora 

consisting of tool steel, tit anium, and ceramic Preferably, the expansion cone has 
a sur£ra hardness ranging from about ^ Preferably at leasts 

portion ofthe apparatus is drillable. 

Although illustrative embodh 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 
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Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iigectingfhiidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of ihfe nur nfl rH 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already w*««n g t^mj\g, 

3 comprising: 

4 drilling out a new section of the borehole aitfacent to the already existing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

<"~^ 8 overlapping the tubular liner with the already existmg casing; 

v j / 9 injecting a hardenable fluidic sealing material into an nTmnipr region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkfr isolating the amm^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 mjecting a non hardenable flukflc material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off «f *h» cnrpftTiripM* mTyfr rcfl* 

17 sealing the overlap between the tabular liner and the already **iff *tn g 

18 casing; 

19 supporting the tubular liner with the overlap with the already ™^"g 

20 casing; 

21 removing the mandrel from the borehole; 
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22 testing the integrity of the seal of the overiap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner, 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tubular liner. 

1 3. An apparatus for expanding a tabular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel includin g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular lh^, the shoe including a th^ 

7 wherein the first, second and third fkud passages are operablycoupled- 

1 4. An apparatus for ffrpr"^"g * tnhnlar member,, comprising: 

2 a support member, the support member including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expand a b le 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe i n cluding : 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a second tubular member to a first tubular member, the 

2 first tubular member having an inner dUmM^r groats t frim «m enter <K*m»fr» r of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurising a portion of the interior region of the second 

7 and 

8 extruding the second tubular ire 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member T the annular m«mW mMi^iny 

3 one or more sealing members at an end portion of the timiifw 

4 member; and 

5 one or more pressure relief passages at an end portion of th» *«iT^fai» 
8 member. 

17. A weUbore ^""fc, comprising: 

2 a tubular liner, the tubular li ner formed by the process of: 

3 extruding the tnhyfar liner off of a mandrel; and 

4 an annular body of a cured fhiidfe sealing material 

5 liner. 

1 8. A tie-back liner for lining an existing weQbore casing, comprising: 

2 a tubular liner, the tuimlar liner formed by the process of: 

3 extrudin g at least a portion of the tubular liner off of a mandrel; and 

4 an annular bcxty of a cured fluidic sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an p spftTidihlp tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 



-72- 




Office 



INVESTOR IK PEOPLE 



Application No: GB 9926449.1 Examiner Ian Bl&ckmore 

Claims searched: 1-5.9 Date of search: 27 March 2000 



Patents Act 1977 

Amended Search Report under Section 17 
Databases searched: 

UK Patent Office collections, including GB, EP. WO & US patent specifications, in: 
UK Q (Ed.R): E1F FIT, FJU, FLA. B3P PEEB, PEQ 

Int a (Ed.7): E21B 17/00. »/00. 33/00, 33/03, 33/04, 33/10, 33/14, 33/138, 43/10 
Other: Online: EPODOC, JAPIO, WFI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 


A 


GB 2329918 


(BAKER HUGHES INC.) » 
line 29 to page 4, line 12 


* figures and page 3 t 




A 


GB 2305682 


(BAKER HUGHES INC.) a 
particularly figures 2 & 3 


se whole document. 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figure IB 




X 


WO 9800626 


(SHELL INT RESEARCH) see whole document, 
particularly figure 1 


1 


X 


US 5348095 


(SHELL OIL CO .) see whole document 


1 



P»™»t odicathiy lack offarwnttw Hep tf wwib tm W P Dmtp^aotiftir^o^ 
vrth on*or more otfiero^ootoicats of iaiaacaUjcey. filiat data of this hmaitio*. 

E Tuma document publnked on or after, but with priority date earlier 
A Member of the mat paupt family than, to ffimg da* of this application 



An Executive Agency of the Department of Trade and Industry 




Office 



Application No: 
Claims searched: 



GB 9926449.1 
1-5.9 



O 



INVESTOR IN PEOPLE 



Examiner: 
Date of search: 



Ian Blacknsore 
27 March 2000 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, mrimKng GB, EF\ WO & US patent specifications, in: 
UKCl(Ed.R): EIFFJT.FJU.FLA. B3P PEEB, PEQ 
* Int Q (Ed.7): E21B 17/00, 29/00, 33/00, 33/03, 33/04, 33/10, 33/14, 33/138, 43/10 
Other: Online: EPOPOC, JAFIO, WPI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 


A 


GB 2329918 


(BAKER HUGHES INC.) see figures and page 3, 
line 29 to page 4, line 12 




A 


GB 2305682 


(BAKER HUGHES INC.) see whole document, 
particularly figures 2 & 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figure IB 




X 


US 5348095 


(SHELL OIL CO.) see whole document 


i 



X 


Document inriiraiiag lack of mcmtTy ox n 


nrcativottcp 


A 


l>w nn win rnrtrafmg irrhnotoaxai hackgnnmd and/or ataia of 0m an. 


Y 


Document indicating belt of favwaave i 


up If cemhteM 


1 P 


Document pwhlifbad en or after ft* declared pnc*iiya^bw1 before the 




with one or more other docuueou of urn 


• catefory. 


£ 


filing date of (bis iovcatios^- 

Patcm dooRocst published o* or liter, but with priority date earlier 


A 


Member of the iaac piles I (amity 






this* 6e ffliag data of this application. 



An Executive Agency of the Department of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record ~ 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 



documents submitted by the applicant. 
Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
eTfaded TEXT OR DRAWING 



CO BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




